THOMAS (i 874) and Lister ( I899) first demonstrated histological abnormalities in the liver of patients with ulcerative colitis, and there has been a series of further reports (Elsom and Ferguson, 194I;  Kimmelstiel, Large and Verner, 1952;  Kleckner, Stauffer, Bargen and Dockerty, 1952; Boden, Rankin, Goulston and Morrow, I959) describing a varying pattern of damage. In a series of 245 cases of ulcerative colitis coming to operation at this hospital, jaundice was a marked feature in I9, in two occurring before operation (both of whom died) and in the rest immediately after operation with the exception of three who developed the complication at a late stage and also suffered from cirrhosis. The Coomb's test was negative when performed and thus hkmolysis was an unlikely cause for the rise in serum bilirubin; it seems more likely that the hyperbilirubinaemia was the result of a deterioration in liver function. That a considerable degree of histological abnormality can occur in the liver before jaundice becomes manifest may be seen from Fig. i , a liver biopsy taken from a woman at a time when she was not jaundiced and whose serum bilirubin level was then only i.8 mg./ioo ml.; clinical jaundice developed before she died io days after operation.
In its clinical manifestations ulcerative colitis presents itself in two distinct forms: either as a chronic or recurrent diarrhcea in an individual who otherwise shows no marked general disorder save wasting, or as a severely toxic general disorder in addition. The deaths occurring in our series of operation cases are shown in Table i , together with the incidence of jaundice in the fatal cases. Of the non-jaundiced patients, causes of death included infection (7), intestinal obstruction (2), myocardial infarction (i), pulmonary embolus (i), The Portal Blood The situation in the portal blood was first investigated, since attention had been turned to this by the occurrence of deep jaundice (serum bilirubin IO.7 mg./Ioo ml.) in one patient ushered in immediately after operation by rigors and pyrexia to 1030 to IO40, whose serum albumin was 3.2 g. and globulin 2.7 g./Ioo ml. Jaundice had previously been seen to develop within 48-hours of operation; the rigors in this case seemed to suggest a bacterial cause and where else than from the infected bowel disturbed by operative manipulation? A pilot study was undertaken (Brooke and Slaney, I958) , revealing organisms to be present in the portal blood in four out of nine cases of ulcerative colitis and none of io in a control series of cases coming to laparotomy for causes other than ulcerative colitis. Ninety consecutive cases have now been sampled, revealing portal bacteraemia in 24, the organisms being coliform, welchii, staphylococci and proteus. Two samples are taken, one before mobilization and one after; in the last 49 cases liver biopsy has been performed and in two, organisms identical with those in the portal blood recovered. The systemic blood has also been sampled; in none of the 24 were organisms grown from the peripheral circulation (this has now occurred in a subsequent case). No further control series have been undertaken here; the work of Orloff, Peskin and Ellis (1958) (Fig. 2) . Cirrhosis was uncommon, being seen in only three cases, while fatty infiltration and degeneration were most common and frequently associated with round-cell periportal infiltration. Though the fatty changes may simply reflect malnutrition, the round-cell mobilization is more suggestive of a reticulo-endothelial response to infection. Repair took place rapidly (Fig. 3) ; likewise the damage developed quickly (Fig. 4) and in this case the acute recrudescence had developed so recently as to cause doubt as to whether a nutritional factor could have been active. While direct correlation between degree of liver damage and severity of the disease is not possible, it can be said that severe damage has been common in the toxic cases and that in this group liver changes have never been insignificant. Derangement in liver-cell function might be expected with the appearance of such an abnormal histological pattern and the elevated serum bilirubin concentrations described above are probably evidence of this. However, in spite of the accumulation of considerable information in the last 20 years on the biochemical processes occurring in the liver, assessment of the degree of impairment in hepatic function in man remains inexact owing to the variety of causes which affect the usual parameters of measurement. In this respect liver function may be assessed in the following ways:
Bilirubin: approximately half of the patients who are found at laparotomy to have portal bacteremia also suffer from jaundice at some time during that particular hospital admission, whereas jaundice is uncommon in those with negative portal-blood cultures (Brooke, I959 Bargen, I95 i) , so that the association of the two diseases is probably coincidental. Since the complications described above are no more frequent than might be expected in a random sample of the population, liver damage apparently does not reach the severity found in either severe infective hepatitis or advanced cirrhosis.
Serum protein abnormalities: albumin is manufactured exclusively by the liver (Peters, 1957) ; hence with sufficient substances available for synthesis and the absence of either an increased catabolic rate or an abnormal loss from the body (e.g. nephrotic syndrome), its serum concentration may be regarded as a satisfactory measure of livercell function. The origin of serum globulins, however, is not clearly defined and Anker (I960) states that, whilst the majority are probably manufactured in the Kupffer cell, the remainder of the reticulo-endothelial system almost certainly contributes with possibly other organs as well. Increasing the serum albumin concentration produces no reduction in the total body y-globulin in patients with cirrhosis of the liver (Dykes, in press) and probably no decrease in either its rate of synthesis or catabolism (work in progress); hence, while observations on the concentrations of the separate serum protein fractions are valuable in their own right, the A/G ratio is not, in this respect, very meaningful. Abnormalities in serum albumin or globulin concentrations in patients with ulcerative colitis have been reported by many workers (Bockus, I944; Ross and Swarts, 1948; Spellberg, Mosiman and Smith, t950).
Serum Protein Studies in Ulcerative Colitis
Serum protein concentrations were measured by salt precipitation techniques in 46 of the 49 patients described above in whom liver biopsy was performed at the time of operation. Assuming that the lower limit of the normal range for albumin is 3.4 g./Ioo ml. and the upper limit for total globulin is 2.9 g./I00 ml., then the results indicated that 24 patients (52%) showed both low albumin and raised globulin concentrations, nine (20%) normal albumin and raised globulin, five (I%) had low albumin and normal globulin concentrations and eight (17%) showed normal values.
Analysis of the increase in total globulin concentration by paper electrophoresis has revealed the major increase to occur in a, and -2 globulin fractions (Spellberg, Mosiman and Smith, I950; Bendandi, 1956) , whereas the y-globulin concentration is usually normal. This is surprising in view of the demonstration of circulating anticolon antibodies by Broberger and Perlmann (I959) and the implication that the disease involves an immune reaction (Lancet, 1959); attempts by U-activity of I"31-labelled albumin in 24-hr. specimen of urine.
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F. C. Walker and J. G. Gray at this centre to confirm these findings, however, have, been unsuccessful. Evidence given below, however, reveals considerable protein ' leak ' from the colonic mucosa, making serum concentrations misleading in assessing rates of synthesis. The inverse relationship between the total serum globulin concentration and the severity of the disease shown above is consistent with colonic leakage of protein, suggesting that, while globulin synthesis is greater than normal, abnormal loss prevents the serum concentration from reaching its expected level, particularly in those most severely affected. The significance of the increased a.-globulin fraction is not clear, but it is possible that, as in the nephrotic syndrome (Hardwicke and Squire, 1955) , it results from a selective leak of smaller molecular weight proteins with accumulation in the serum of the larger protein molecules, e.g. oc2-glycoprotein, 5-lipoprotein.
The low serum albumin concentration seen in this disease has been variously ascribed to malnutrition following anorexia and malabsorption (Zetzel, Banks and Sagall, 1942) , to impairment of liver function (Popper and Schaffner, I957), or to protein leak from the abnormal colonic mucosa (Welch, Adams and Wakefield, I937). Some minor change in the speed of passage of food through the gut has been reported (Elsom, Dickey and Chornock, I942) , and the reduction in appetite in more severely ill patients could also affect the rate of synthesis by decreasing the supply of albumin precursors. A fall in serum albumin concentration may, however, occur rapidly in an exacerbation of the disease, whereas deliberate deprivation of protein in normal subjects has shown only slight and slowly developing changes in serum protein patterns (Keys, Taylor, Mickelsen and Henschel, 1946) . We have studied albumin metabolism and found, however, that in most of these patients the rate of synthesis is not significantly impaired and therefore deficient absorption and liver-cell function must contribute little, if at all, to the subnormal serum concentration-work now confirmed by a recent publication by Steinfeld, Davidson, Gordon and Greene (I960). Albumin labelled with Ils' (McFarlane, I956) was injected intravenously, the plasma disappearance rate determined and the amount of activity in 24-hour collections of urine and faeces measured and expressed as a percentage of the total activity of the plasma (U/P and F/P respectively). These two values are then a measure of the catabolic rate of albumin and indicate the route of excretion of the whole protein or its degradation products.
Comparison is made in Table 2 between our data and those presented by Steinfeld et al. (I960) and demonstrates the following points:
There was a considerable reduction in serum albumin concentration (measured in our patients by paper electrophoresis (Hardwicke, 1954) ) and also in the total exchangeable albumin pool, determined from the ratio of total body radioactivity to total plasma activity once even distribution had occurred between the different body compartments (usually at eight days).
Facal excretion of radioactivity was abnormal in every instance, reaching a maximum value representing ii.7% of circulating albumin (patient 5, Steinfeld et therefore an approximation for the rate of albumin synthesis in all cases apart from patient 2 (in whom a significant fall occurred in serum concentration during the period of study). The mean rate of synthesis in both groups is ii.6 g./day, a value which lies within the normal range (Berson, Yalow, Schreiber and Post, I953) . The rate of synthesis was apparently a little greater than normal in one (patient 5), and considerably reduced in another (patient i), but these are not changes of sufficient magnitude to be significant. It may therefore be concluded that the rate of albumin synthesis -in this group of patients is within normal limits and provides no additional evidence of an impairment of liver-cell function.
The other plasma protein changes reported in ulcerative colitis, when considered against this background, do not add further to the picture. Serum prothrombin activity has been reported by Page and Bercovitz (I942) to be reduced, but the effect of injections of vitamin K was not studied, nor colonic leakage considered. Raised fibrinogen levels recorded by the same authors are presumably related to the elevated globulin concentrations, as are the abnormal empirical-flocculation tests (Pollard and Block, 1948) . Further investigation along these lines is likely to reflect the pathophysiology of the diseased colon rather than abnormalities of hepato-cellular function.
Conclusion
In conclusion, therefore, the evidence of damage to the liver is based on elevated serum bilirubin and alkaline phosphatase concentrations and histological abnormalities which are usually reversible. There is no other convincing evidence of an interference with the metabolic processes occurring in the liver, and all other abnormalities of the so-called liver function tests have very adequate explanations quite unrelated to hepatic pathology. There appears to be good agreement between the degree of functional and histological damage to the liver in patients with ulcerative colitis. Neither severe physiological derangements, such as deficient protein synthesis and portal-sytsemic encephalopathy, nor irreversible pathology, e.g., cirrhosis and acute atrophy, appear to be sequelae of ulcerative colitis. Elevated serum bilirubin concentrations and serum alkaline phosphatase are less sinister findings and associated with portal bacterremia, round-cell infiltration in the liver and biliary stasis; although not in themselves implying impending hepatic failure, they probably materially contribute to a deteriorating clinical condition. The low serum albumin concentration is the result of colonic leakage of protein into the lumen of the bowel and is not the result of impaired hepatic synthesis.
